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(57) Abstract 

^^F^^a- 0 ' addin ^ ro PP«ng optical signals into/from an optical transmissi n path, including input means for at least two onticai 
a SS^itST* W " VC ^ ng,hs - "^Prising: spectral selection means for sending at least a first sfgnaltoTfiSt <Sc* S S a?lS 
oaml^r Si° LT ,nd ° PUCa Path: " ,eaS, 3 wavc,cn 8* *el«*ve switching means along at }Jst one of saYd firetand ZcZ pK 
paths, for addmg and dropp.ng at least one optical signal having a predetermined wavelength selected from the optica? sSn^Wtengto 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States pany to the PCT on the front pages of pamphlets publishing international applications under the PClf 



AL 


Albania 


es 


AM 


Armenia 


FI 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Fsso 


GR 


BG 


Bulgaria 


HU 


BJ 


Benin 


IE 


BR 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CC 


Congo 


KE 


CH 


Switzerland 


KG 


CI 


Cote d'lvoire 


KP 


CM 


Cameroon 




CN 


China 


KR 


CU 


Cuba 


KZ 


cz 


Czech Republic 


LC 


DE 


Germany 


U 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazafcstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 
MN 
MR 
MW 
MX 
NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 
Niger 

Netherlands 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmen is tan 


TR 


Turkey 


TT 


Trinidad and Tobago 


VA 


Ukraine 


vc 


Uganda 


us 


United States of America 


vz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZVV 


Zimbabwe 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



WO 98/0S133 



PCT/EP97/0409! 



1 



DEVICE FOR ADDfNG AND DROPPING OPTICAL SIGNALS 

DESCRIPTION 

5 It is an object of the present invention to provide a device for adding or 
dropping optical signals of different wavelengths into or from an optical path and 
a method for inserting and/or extracting optical signals of different wavelengths 

into and from an optical path. 

In the latest telecommunications technology, it is known to use- optical fibers 
10 to send optical information-carrying signals for long-distance communication. 

Optical telecommunication systems are known that use wavelength division 
multiplexing (WDM) transmission. In these systems several channels, i.e. a 
number of independent transmission signals, are sent over the same line by 
means of wavelength division multiplexing. The transmitted channels may be 
15 either digital or analog and are distinguishable because each of them is 
associated with a specific wavelength. 

The Applicant has observed that known WDM communication systems are 
limited as concerns the number of channels, i.e. the independent wavelengths 
that can be used for transmission within the wavelength baad available for signal 
20 transmission and amplification. 

In order to combine and separate signals with different wavelengths-to 
combine the signals at the transmission station, for example, to drop some 
toward receivers located at intermediate nodes of the line or to introduce others 
at intermediate nodes or to send them to separate receivers at the receiving 
25 station-adjacent channels (in wavelength terms) must be separated by more 
than a minimum predetermined value. 

Said minimum value depends on the characteristics of the components 
employed in the system, such as the spectral characteristics of the wavelength 
selective components (e.g. bandwidth, center-band attenuation, figure of merit) 
30 and the wavelength stability (thermal and temporal) of the selective components 
themselves and of optical signal sources. 
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in particular. ,he Applicant has observed that spectra, selectivjty of 

-he poss,b lW y of adding and dropping signais in multichanne, trlsml ^ 
systems, panicky when there are signals with Cose wavele^T 7" 
5 separated by less than 2 nm. lengths, e g 

The Appiicant found i, is possibte to add and/or drop in an on , , 
system a number of independent M channe s ^ 
•nan that perm„,ed by known techniques, and cioser i n wevetenl 7 
envying wavelength seiecUve components of equivalent charac^f , * 
10 ,nput sfcnals are divtfed into two series of staggered wavelengths ^ ^ 
of each series are independent dropped or signais of JZZZ ' 
~gth added, and the signais of the two s^, are then ^ W 
fording to a *s, aspect, the present invention regards a device for adding 

and drop P ,ng optica, sfcnals into and from an optica, tra„ smissjon ^ 
com pn mpuf ^ fof a( leas( ^ optjeai sjgna(s wi(h n path. 

charactenzed by the fact of comprising: wavelengths. 

- spectral selective means for sending at leas, a first of said signals to a firs, 

2° - a. leas, a wavelength se.ec.ive switching means, along at leas, one of said 

£ or second op.ica, paths, for adding and dropping at tea , one " Q 

25 ajLTT™ 01 m inVen,i0n ' ~ -dudes a „ 

2T W d 3 refleC, ' 0n *"* ** eaCh - - oPtical^hT 

Saidselecve refection droul, may indude at leas, one Bragg grating fil ,er 

The wavelengths of said firs, and second optica, signals may be laid h 
Accord ino tn an«*h«,. . * " 5 



30 



According to another asp ct. me present inv ntion concerns mZ» , 
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- a fiber-optic line; 

- means for inputting to said line optical signals with distinct wavelengths 
separated by a quantity greater than or equal to a minimum predetermined 
value; 

- an adding/dropping unit comprising a selective switching means of 
predetermined spectral resolution, associated with a respective optical path in 
said unit and spectral selection means associated with said optical path, 

characterized by the fact that said minimum value is lower than said 
predetermined spectral resolution. 

According to a third aspect, this invention concerns a method for adding / 
dropping optical signals, comprising the steps of: 

- inputting two optical signals of contiguous wavelengths to two separate 
optical paths; 

- dropping at least one of said two signals from said optical path and/or 
adding at least one optical signal with the corresponding wavelength to said 
optical path. 

Additional information may be derived from the following description, with 
reference to the attached drawings showing: 

in fig. 1 diagram of an optical telecommunication system; 

in fig. 2 diagram of a transmission interfacing unit; 

in fig. 3 diagram of an optical power amplifier; 

in fig. 4 diagram of an optical preamplifier; 

in fig. 5A diagram of an optical demultiplexer; 

in fig. 5B diagram of a wavelength-selective optical splitter; 

in fig. 6 diagram of a bidirectional optical amplifier 

in fig. 7 diagram of an optical amplifier including a device for adding and 

dropping signals; 
in fig. 8 diagram of a device for adding / dropping signals; 
in fig. 9 diagram of a first type of acoustical-optical switch; 
in fig. 10 diagram of a second type of acoustical-optical switch. 
As shown in figure 1, a bidirectional optical telecommunication system with 
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wavelength-division multiplexing, accordino tn 

*. teTOina) staBons A and B , each of r:r~r: a :r rises 

s<a,ion ,A, 1B end a respective receiving station 2A . 2B ^ ,ra ~ n 
In piirticuter. in the version shown in the &»«« . 
a composes optical sj9nal .£ f£ — * 

indited with odd-numbered subscripts X X x ! WaVeten9,hS ' 
- - — „h b a nd of W « i « , i^ fc ''-* 
-prises optica , W1 , , _ J J£ ^ ™ « 

«*. even-numbered subscripts, x 2 . x 4 ^ — ngths. , ndica ,ed 

10 The wavetengths of the second senWere seiected so th a , ,h» 
steggered with respec, to the waveiengths in the firs, series * 

- -es. correspond^ to optic signals ^ ' ^JSL"'""* " 

stations ,A. IB and pro Paga « n g in tne systenl jn one JZ t ^"™ 
separated <in fre, U encv, by a quamHy ^ „ 7 
■ndica.es the m ininlum bandwjd(h e " ual 0 where O 

» component used in th e sy s,em to ^ , T " 

wavelengths. »'ynai S at the various 

The number of independent wavelengths used for the sionjll , 
transmission station is no, ,i m „ed ,o «he v a ,ue of 16 indil ! 
described and may assume a differem ^ T~ " - **» 

» corresponding ,o ,e number of optica, chenne s «LZ£l 

direction, mav be selected in relafion ,o m . ^ 
•elecc™^ system . (n palt in eTe,"^ * 
according to present , J^, ^ ' "J^"™^ 

imp te me„ M on.,oinc r ease ttrenum be r ;fl a L~ " ^ 

' capaci* — system. e ., to accomm ^ ~ Srr- t '~ ,B 

be indicated below. '"creased traffic demand, as will 



WO 98/05133 



5 



PCT/EP9 7/04091 



The wavelengths may be selected so that the corresponding frequencies are 
equally spaced within the available spectral amplification band, so as to utilize 
said band efficiently. 

It is possible, however, for the frequencies to be totally or partially unequally 
spaced, e.g. so as to reduce the effect of non-linear phenomena, such as four 
wave mixing (FWM) in optical fibers used for transmitting the signals. 

The useful amplification band of the amplifiers may also be constituted of two 
or more distinct spectral bands separated by spectral bands not well-suited for 
signal transmission or amplification, e.g. due to the particular spectral 
characteristics of the amplifiers or optical fibers employed in the 
telecommunication system. In this case, the wavelengths of the communication 
channels may, for example, be selected such that the corresponding frequencies 
are equally spaced within each individual spectral band, with the separation 
between adjacent channels propagating in the same direction greater than or 
equal (in frequency) to twice said value D. 

As an example, the wavelengths may assume values between about 1535 
nm and about 1561 nm, where consecutive wavelengths, in ascending order, are 

used alternately for each of the two series \,, X 3 A. 31 and X 2 . X 4 X 32 . 

The spacing between the 32 total wavelengths, in this casejs about 0.8 nm. 

The optical transmitters comprised in transmission stations 1A and 1B are 
modulated, directly or with external modulation, according to system 
requirements, in particular in relation with the chromatic dispersion of the optical 
fibers in the system, with their lengths, and with the intended transmission 
velocity. 

The outputs of each transmitter of transmission stations 1A and 1B are 
connected to multiplexers 3A and 3B, respectively, which combine their optical 
signals each toward a single output connected respectively to the input of 
optical power amplifiers 5A and 5B. The outputs of these amplifiers are 
connected to an input port of optical circulators 7A and 7B. 

An intermediate port of optical circulators 7A and 7B is connected to one end 
of an optical line 8, which connects the two terminal stations A and B together. 
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The .opto, ffber of opfca( (ine 8 „ noma|ly a s . ng(e ^ 
s^P , nd ex or dIS pe reion shifted type, convent, inCuded in . suitable optica( 
cab,* and has tens (or hundreds, of Kiiometers of ,en g «h between ea" 
ampler, up to the desired connection distance ? 
^inserted al on g iine 8 are hidirectiona, optica, amplifiers 9. Each of ^ 
composes two optica, circuiators 91 and 92 and two optica, ampMers 93 JT 
wnich w„, be descry further on. A central port of each ZJ£^ S 
connected to the optica, fiber of ,ine , e., through an op«ca, conne^l 
a«s a an ,nput,o U tp ut port for me bidirectiona, amplifier. Optica, ampler 9 s 

opto* connected between an output port of optica, circu,a,or 9, and an ^ 
P « o o aca( drculator 92 0ptfeal ampiffler ^ js Q -npu, 

anou 0u ,^o,op,ica,.rc U ,a,or9 2 andaninpu,por,ofop,ica,.rcu,a,or 9 7 

AKhough figure 1 indicates two bidirectiona, optica, amp,if,ers 9, there may he 
one or more bi d,reot to na, optica, amp,ifiers in succession depend "n th 
overa,, .ength of the op«ca, connection and the power in the va! ZZ S « 

between two successive ampMers. may be on the order of ,00 Ki,ometers ng . 

Receivjng stations 2A and 2B are mnn*^* * *u 

"u £.0. are connected to the output Dorts of n n « M i 

orators 7A and 7B through preempt SA and 6B JLJ^ZZZ 



2 creators are passive optica, components, common* eouipped O 

I?alT 7 7 access ports p,ac8d in an orelered sequence - ^ 

be ind T y **"" ^ " " inPUt ^ ««» * ^-ce wi 

unrf.rect.ona.ly tne radiation i„ pu , by each of „. ^ , o _ Qn £ 
Ports namely the next one In seouence. The circuiators used in the pr ' e* 
.nvenbonarepreferab.yofthepobrizaUorMndependent^e 

PreampBfier. in me context of me present invention, is an amplifier 
£~~d to compensate the ,osses of the ,as, seCon of opfical JSZ 

■npu, to th rece,ver ,s suited to the sensitivity of the device. ,, is a ,so the tasK of 
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the preamplifier to limit signal dynamics, reducing the power level variations of 
the signals at the receiver input with respect to the power level variation of the 
signals from the transmission line. 

Demultiplexers 4A and 4B are suited for taking 16 signals overlapped in a 
5 single input port connected to the output of preamplifier 6A, 6B and separating 
them on to 16 optical fibers, in accordance with their respective wavelengths. 

When the optical signals for transmission are generated by signal sources 
with their own transmission characteristics (such as wavelength, modulation 
type, power) different from those envisaged for the described link, each 

10 transmission station 1A, 1B comprises interfacing units 901. 903 931 and 

902, 904, .... 932, respectively, for receiving the optical signals generated by 
transmission stations 1A, 1B. detecting them, regenerating them with new 
characteristics suited to the transmission system and sending them to 
multiplexers 3A, 3B. 

15 In particular, said interfacing units generate optical working signals with 

wavelengths X 1f X 3 , A*, and X*. X 4 , X Z2 , respectively, suited to the 

system requirements as described below. 

US patent 5,267,073 by this same Applicant, the description of which is 
herein incorporated by reference, describes interfacing^ units comprising in 

20 particular a transmission adaptor for converting an optical input signal into a form 
well-suited for the optical transmission line and a reception adaptor for 
converting the transmitted signal into a form well-suited for a reception unit. 

For use in the system of the present invention, the transmission adaptor 
comprises, preferably, an externally modulated laser as an output signal 

25 generation source. 

The diagram of a transmission interfacing unit 900, of the type well-suited for 

use within the context of this invention, is shown in figure 2 in which, for the sake 

of clarity, the optical connections are represented by solid lines, while the 

electrical connections are represented by broken lines. 
30 The optical signal, coming from an external source 207, is received by a 

photodetector (photodiod ) 208. which emits an electrical signal which is fed to 
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an electronic amplifier 209. 

The electrical signal output by amplifier 209 is fed to a circuit 210 that drives 
a modulable laser emitter, designated overall as 211, that generates an optica, 

5 ZZ at ,he se,ec,ed waveten9th ' con,ain,n9 ,he infom,a,ion <* ihe ™9 

<f appropriate, a circuit 212 for inputting a service channel may be connected 
to dnving circuit 210. 

^Modulabte laser emitter 211 incudes a continuous emission ,aser 2 , 3 and an 

10 m0dU,a,0r 214 ' "* ° f MaCh - Zehnder *-» by the output 

iO signal of circuit 210. 

A circuit 215 controls the emission waveiength of laser 213. Keeping » 
constant a, the specified va.ue and compensating for any externa, disturbances 
such as temperature and the like. 

Transmission interfacing unite of me type indicated are described in the 
aforesaid patent and marked by the Applicant under the designation TXT/EM- 

As an alternative, the laser transmitters in transmission stations 1A and 1B 
may be laser transmitters operating a. the selected wave,eng<hs. e.g. using DFB 
lasers a, wave.eng.hs ...... ^ 9 

J^T**" " WaVe ' en9th " ^ S0U ' Ce US6d for »» s ^ is stable 
within +/- 0.25 nm, more preferabV within +/- 0.1 nm 

With reference to fig. 1. the optica, circulators are components available 

commero.a.ry. A mode, use in the present invention, for examp le 

• Te^MZTt " DYNAM ' CS ^ 1885 ^ ^ 

b^een^ 0haraCten2ed * -on of 0.7 dB in transmission 

^rii" 6 po,,s and * ■ — — 

Power amprrfiers 5A a nd 5B raise the Iev , o, th signals generated by 
^m,ss,on stattons 1A and ,B to a value sufficient to trave, the secfion o 
op*ca, fiber separate them from the receiving station or amplication means 
wrth sufficient terminal power to ensure the required Emission qua ,ity 
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A power amplifier well-suited for use in the present invention will nov v be 
described with reference to figure 3. 

The power amplifier represented is of the two-stage type. A firs, amplification 
stage comprises an active fiber 32. pumped counterdireetionaHy b y a pumping 
s source 34 through a dichroic coupler 33. 

A second amplification stage comprises an active fiber 36 pumped 
counterdireetionaHy by a pumping source 38 through a dichroic coupler 37 

An amplifier input 310 is connected through a first optical isolator 31 to the 
first amplification stage, and precisely to active fiber 32, whose output terminates 
« a branch of dichroic coupter 33. Pumping source 34 is connected to a second 
branch of dichroic coupler 33. while a third branch of the same dichroic coupler 
constitutes the signal output of the first stage. 

A second optical isolator is located between the output of the first stage and 
an ,npu, of active fiber 36 of the second stage, whose output terminates in a 
branch of dichroic coupler 37. Pumping source 38 is connected to a second 
branch of dichroic coupier 37. while a third branch of the same coupter 
constitutes the signal output of the second stage, which terminates in an output 
320. consisting preferably of a very-low-reflection optical connector eg an 
angled connector with reflectivity less man -55 dB. Optical connectors of this 
type are marketed, for example, by SE.KOH G.KEN? 296-1 Matsuhidai 
Matsudo, Chiba (Japan). ' 

Output 320 is connected, in the telecommunication system of figure 1 with an 
optica, circutetor (7A or 7B>. This circutotor pem,«s the unidirectional passage of 
radiation olrt pu, by the power ampler and prevents radiation from entering by 
•hat output. The circulator is thus equivalent to an addrUona. optica, isolator 
connected to the amplifier output, particularly in limiting Hs interferential noise 

Active optica, fibers 32 and 36 are preferably sfa, optical fibers. A rare earth 
« used as a dopant, preferably erbium. Aluminum, germanium and lanthanum 

-o TopSZI" ~ um ' adranfa9eously ^ as — 

The concentration of dopants may correspond, for exampte, to an attenuation 
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30 



of around 7 dB/m, for the active fiber in the absence of pumping 

in a preferred embodiment, the amplifier described uses erbium-doped active 
fibers of the type presented in detail in patent app,ication EP 677902 in the 
name of the Applicant, which is herein incorporated by reference 
5 The lengths of active fibers 32 and 36 may be around 7 m and 5 m 
respectively. ° m - 

For dtehroic couplers 33 and 37. fused-fiber coders may be used, formed of 
monornoda. fibers a, 980 nm and in the 1530-1565 nm wavelength band w,th 
ophcai power output variation with respect to polarization < 0 2 dB 

10 oJTT, COUP ' erS " indiCated ~ knOW " a " d «""»•*•' «* are ~ 

produced, for example, by the aforesaid E-TEK DYNAMICS -* 

Optica, isoiators 31 and 35 are of the type independent of the transmission 

dB t! Tr i0n ' ^ iS °' a,i0n 9reater *" M dS ^ - "50 

dB. The isolators are, for example, model MDL 1-15 PIPT-A S/N 1016 „, * r 

• -SOWAVE. 6< Hardin, Ave.. Oove, NJ (USA) or mode, PIP^ ^ £ 
aforesaid E-TEK OYNAMICS. 

Pumping sources 34 and 38 may be. for exampie, quantum we,, ,asers with 
an e m wavelength of ^ . g80 nm ^ ^ ^ ^ 

around 7S mW for source 34 and 90 mW for source 38 

^c711T : aiCa,ea — P'e. by LASER TRON 

37 Nortn Avenue, Burlington, MA (USA). Q 

A power amplifier (ike the one described furnishes, for example, outputpower 
of around 16 dBm, with a noise figure of around 5 dB. 

The power amplifier described with reference to fig ure 3 uses 
coumen^ropagating pumping fo, both amplification stages. Counterpropaoatinq 
pumping fo, both stages or for jus, one of them, the first stage in ^ ^ 
W possible, me choice of which con«gura fo n to use is left to the s L T 
»e art according to the characteristics of the overal, communication system 

The optica, power ampler may a,so be embodied as a single-stage 
ampimer. depending on me gain required and the characteristics of th e 
•etecommun^on system in which » is to be used. ,, is possible, for examp e 
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with reference to the device in fig. 3, to omit active fiber 36, dichroic coupler 37 
and pumping source 38. This simpler configuration offers less optical output 
power and may be sufficient for particular embodiments of the amplification 
system, e.g. with a smaller number of communication channels or with optical 
5 fiber sections of limited length downstream of the amplifier . 

Preamplifiers 6A and 6B of the system in figure 1 are. for example, optical 
amplifiers of the type that will be described now with reference to figure 4, which 
represents a two-stage preamplifier . 

A first amplification stage comprises a first active fiber 44, pumped by a 
10 pumping source 42 through a dichroic coupler 43. a differential attenuator 45. 
connected to the output of active fiber 44, to attenuate the telecommunication 
signals without significantly attenuating the residual pumping radiation, and a 
second active fiber 46 pumped by means of said residual pumping radiation. 
A second amplification stage includes an active fiber 47, pumped by a 
1 5 pumping source 49 through a dichroic coupler 48. 

An input 410 of the preamplifier, consisting preferably of a very-low-reflection 
optical connector, e.g. of the type previously indicated, is connected to the first 
amplification stage, and precisely to a first input of dichroic coupler 43, to a 
second input of which pumping source 42 is connected. An output of dichroic 
20 coupler 43 terminates in active fiber 44. 

Input 410 is connected, in the telecommunication system in figure 1. to an 
optical circulator (7A or 7B). This circulator permits the unidirectional passage of 
radiation to the preamplifier and prevents radiation from exiting that input. The 
circulator is thus equivalent to an additional optical isolator connected to the 
25 amplifier input, particularly in limiting interferential noise. 

Differential attenuator 45 is connected between active fiber 44 and active 
fiber 45. Its function is to attenuate the telecommunication signals by a 
predetermined quantity without significantly attenuating the residual pumping 
radiation from active fiber 44. A differential attenuation of the signals with respect 
30 to the pump, in a suitable intermediate position between two sections of active 
fiber of an optical amplifier, as described in patent applications EP567941 and 
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EP695050 in ,ne name of the Applicam , makes 

am P , ifi er dynamics, i.e. t0 ,imi, , ne power ya P ° SS "" e * ». 

attenuator 45 a c ; upter 9 

5 s,gna,s a, the ,e,ecommunica 6 on channe, wave,en g ,hsT a , ^ 

S3* «rs, output is connected via an op ,ica, isoiato r^t a 7 
d-chroic coupier 454. Said second output is connected ' nPU ' °' 3 

«-r «o a second input o, dichroic co U pl 454 oXT 7 * " ^ 

0 attenuation of around , dB to the tel viator 452 provides an 

«■ - - residua, ^ ^TlS^r T ^ ^ 
-so-ator a,so b ,o<*s , h e counter.ropa.atin. J^^T, 7 ^ 
an "" mer A section of attenuating optica, f, J J J h redUC,n9 
-nuation. can he connected in ,ieu of »e o" 

senes w«n , Tne characteristics of this 7*** 
according to me indications contained in the two palTa^, Prede ' emiined 
Dichroic coupier 454 combines the res!duai7 ns c ' ted - 

the signals. ' n,cn fur *her amplifies 

An optical isolator 461 is pfcced between the output of tJr ♦ 
«nput of the second stage rSt Stage and «» 

connected to an input of said dichroic coup te r !s „ ^ " * 

» ou^u, of dichroic coupier 4 8 1 ^ - * ~ — 
<s=<a.or46 2 . « oa n Olrt pu,4 2 0 of tnepreampiitier " ~ °' " 

-^Z^^^ - -« sta ge 

schemes are e<,ua,,y possibfe SeC °" d ^ * Pump,„ g 
30 ^characteristics and type of components of the preens 1 
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described. 

In particular, in the case of the preamplifier, the lengths of active fibers 44. 46 
and 47 may be advantageously around 7 m. 3 m and 6 m, respectively. 

Pumping sources 42 and 49 may be, for example, quantum well lasers with 
an emission wavelength of X, = 980 nm. The optical emission power is 
envisaged at 65 mW for source 42 and 75 mW for source 49. 

A preamplifier like the one described gives, for example, output power of 16 

dBm, with a noise figure of 5 dB. 

The preamplifier may also be embodied as a single stage amplifier, 
depending on the gain required and the characteristics of the te.ecommun,cat,on 

system in which it is to be used. 

Multiplexers 3A and 3B of the system in figure 1 are passive optical devices, 
by which the optical signals transmitted on respective optical fibers are 
combined in a single fiber. Devices of this type consist, for example, of fused- 
fiber, planar-optics, microoptics-couplers and similar. Suitable multiplexers, for 
example, are marketed by the aforesaid firm E-TEK DYNAMICS. 

An example of demultiplexer well-suited for use in the present invent.on .s 
indicated in figure 5A. The figure represents a demultiplexer well-suited for use 
in a system with 16 channels, i.e. 16 independent wavelengths, for each path 
direction. A similar scheme may be employed in cases where the system calls 
for a different number of channels. The signals input to a port 500 are separated 
by means of a 3 dB splitter. 540. to two groups of cascaded wavelength 
selective splitters 550 and 560 (briefly indicated as selective splitters). Each 
selective splitter is capable of routing to a first output the signals applied to one 
25 of its inputs with wavelengths centered around one of the transmission channels 
employed in the system and of reflecting to a second output the signals wrth 
wavelengths external to that band, Said second output of each selective splitter 
is connected to the input of a successive selective splitter, so as to form a 
cascaded connection. In the device illustrated in the figure, corresponding to 

30 demultiplexer 4B of figure 1 , group 550 includes selective splitters 501 . 503 

515. selective around wavelengths X 1( X, respectively, while group 560 
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comprises selective splitters 517 519 «« , 

i , ' a31 selective around wa vPi P n„* h , 
*3i. respectively. The d ev ,>» w wave 'engths * 17) 

-mg se.ec.Ve spiitters at waveleng(ns " A 

« e m ^ demuWp(exe ^ - emp to yed t0 

71,6 Sete *~e may preferably be of theT 

« 9 -e SB, having four access optjca( ' * " *» **»"»d in detai, in 

»i. «. 593 and S94 . ^ 1; ( t and ou,put P ° rtS ' 

component 5 9S ~ - — a selective 

10 MM band-suppression fiiter i . h ,ranSm,SS ' 0n band °^ <*r and a 

(e g. with aquation tower , ha n '15 "* teW «"«-*» « 

Predetermined band and reflect™ ! T S ' 9na ' 5 "* """"W within a ° 
-agnize, signals with 'T^"™" <* - — order of 

*p are transmitted from fiber 594 to fiber S3, Si9nals a < 

« and from « b er 592 to ^ - - -» * 

wavete "9«^ outside that band, on the other hand ,nPU ' * 591 **" 

attenuation. wi„ be in*ca te<J h«^. '° 

reflecsng component 595 or byextenstan „ « 
Elective splitter, ^ extenston, as 0.5 dB passband of the 

Likewise, the band of wavelengths Cose to . 
reflect attenuation. which corresponds "" y *"* h ° f «**■»< 

reflecting component 59S to an attend . "* " thr ° Ugh 

of setecve reflecting component £T^ZI " " 0 S * ^ 

extension, as 0.5 dB reflected band 



WO 98/05133 



I 

15 



PCT/EP97/0409I 



20 



»5 



of the selective splitter. 

The selective splitters are selected in a way that, for each of them the 
wavelength of one of the communication channels is included in the respective 
0.5 dB passband. while the wavelengths of the remaining communication 
5 channels are included in the respective 0.5 dB reflected band. 

By analogy, the band of wavelengths corresponding in transmission through 
the selective splitter to an attenuation of no more than 20 dB in addition to the 
minimal attenuation is indicated as a -20 dB passband of the selective splitter 

A.though described with four access fibers, the selective splitters suitable for 
the aforesaid use may have only three access fibers, the fourth (e.g. the one 
indicated as 584) remaining unused. 

Selective splitters of the type indicated and well-suited for use in the present 
invention are marketed, for example, by Optical Corporation of America. 170 
Locke Drive. Marlborough, MA (USA). 
5 Selective sp.it.ers of the type indicated are now available, e.g.. with a 0 5 dB 
passband of about 0.7 nm and a 20 dB bandwidth of about 2.4 nm 

Selective splitters based on Mach-Zehnder interferometers employing Bragg 
"ber-opfc gratings, such as the "Mach-Zehnder based FBG" model produced bv 
INNOVATIVE FIBER are also suitable for use in the present invention 

Of possible use in the present invention are also, for example, demultiplexers 
made, according to the general scheme of fig. 5A. with groups of cascaded ■ 
selects splitters integrated on a single substrate, such as those produced by 
the aforesaid Optical Corporation of America. 

Demultiplexers of the type described may be easily adapted to operate with a 
number of channels different from that determined in the system installation 
Phase. I, is possible, for example, to add one or more selective splitters 
cascaded with the setective splitters already present, so as to permit the 
demultiplexing of additional wavelengths. 

The Applicant obs rves that the number of independent chann Is transmitted 
m th system may. through the present invention, be greater than the number of 
channels that can be separated by the available demultiplexers. Thus for 
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example. with reference to the example described, a total of 32 channels are 
transmuted through the system (16 in each direction, using demuitiplexers 
adapted to separate 16 channels. 

A bidirectional multichannel optical amplifier 9 according to the present 
5 invention, we.l-suited for use in the telecommunication system of figure 1 will 
now be described in greater detail with reference to figure 6. 

Multichannel optical amp.ifiers 93 and 94 connected between optical 
circulators 91 and 92 in such a way as to amplify the signals propagating from 
^ transmission station 1A to receiving station 2B and. respectively. from 
transmission station 1B to receiving station 2A. are embodied as wavelength 
selective optical amplifiers and namely selective at the wavelengths X,. x 3 . X,. ' 
X 31 and. respectively. X 2 , X<. A* x M . k x . 

In a first stage of amplifier 93. a dichrdic coupler 62 feeds the communication 
Signals coming from an input port 641. connected to an output port of optical 
creator 91. and the pumping radiation, coming from a firs, optica, pumping 
source 61 connected to dichroic coupler 62. to a first active optical fiber 63 
whose output terminates in an input of a dichroic coupler 671. A first output of • 
dichroic coupler 671 is connected in input to an optical isolator 672 while a 
second output of dichroic coupler 671 is connected to an^nput of a dichroic 
coupler 675 by means of an optical fiber section, so as to constitute a low- 
attenuation path for the residual pump radiation downstream of active fiber 63 © 

A comb filter is connected between the output of optical isolator 672 and a 
second ,nput of dichroic coupler 675 by means of low-reflectivity connectors 673 
and 674. 

The comb Alter has a passband mat includes wavelengths X,. x 3 . Xs x» 
^, of the signals propagating from transmission station 1A to receiving statjo^ 
2B. Wavelengths X, X,, V .,. x„, X,, of the signals propagating in the system in 
the opposite direction, on the other hand, are externa, to the passband of said 
comb filter. 

Said comb filter may include, as illustrated in the figure, an optical circulator 
64 „,th a selective reflection circuit 65 connected to one of its intern, diate ports. 
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Said circuit 65 comprises serially connected filters 601, 603, 605 629 and 

631, with selective reflection at wavelengths X 1f X. 3 , X 5 , A, 29 , ^-31. respectively, 
and is terminated by a low-reflectivity termination 650. 

An output of dichroic coupler 675 terminates in a second active optical fiber 
5 66, which in turn terminates at in input of an optical isolator 676. 

Said second active fiber 66 is pumped through the residual pump radiation 
from first active fiber 63. 

The output of optical isolator 676 is connected to a third active optical fiber 
67. Active fiber 67 is fed with counterpropagating pumping radiation through a 
10 optical pumping source 69 and a dichroic coupler 68. 

An output of dichroic coupler 68 is connected to an output port 68, connected 
to an input port of optical circulator 92. 

In amplifier 93, signals at wavelengths X 1f X 3l X 29 , X 31 input to port 641 

are amplified in the first stage of amplification, transmitted by the comb filter 
1 5 through the reflection of each signal by one of the selective reflection filters of 
circuit 65 and further amplified in the second stage of amplification. 

Any other signals, or noise, at wavelengths external to the bands of selective 
reflection filters 601, 603, .... 631, after passage through the first amplification 
stage, are transmitted through circuit 65 without being reflected and are 
20 eliminated from the circuit through low-reflectivity termination 650. 

Multichannel amplifier 94 is similar to multichannel amplifier 93. For a 
description of the corresponding parts and the general functioning of amplifier 
94, refer therefore to the previous description of amplifier 93. 

In amplifier 94, the comb filter has a passband that includes wavelengths X 2 , 
25 X 4l X 6t X 30 , X 32 of the signals propagating from transmission station 1B to 
reception station 2A Wavelengths X 1t X 3t Xg, y.. f X29, X 31 of signals propagating in 
the system in the opposite direction are external to the passband of said comb 
filter. 

This comb filter may comprise, as illustrated in the figure, an optical circulator 
30 654 with a selective reflection circuit 655 connected to one of its intermediate 
ports. This circuit 655 includes serially connected filters 602, 604, 606 630, 
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632. with selective reflection at wave.eng.ns X„ K U x M , ^ respective** 

Reflect, on circuit 655 is terminated by a low-reflectivity termination 650 

Optica, amp.iflers 93 and 94 described are of the «wo-sta 9 e type. A first stage 
o a mp (lfi ca on comprises active fiber sections 63. 653 and 66. 656. Active fibe* 
63 and 653 are pumped directiy by sources 61 and 651 through dicta* 
coup ers 62 and 652. ACve fibers 66 and 656. connected downstream from Z 
comb fitter, are pumped with residua, pumping radiafion present a, the outpu, „ 
acve fibers 63 and 653 by means of the .ow-attenuation path created by 
connecng together dichroic coup,ers 671. 675 and 661. 685. respective.y 

The signa, attenuation by optica, isolator 672, optica, circuiafor 64 and 
seiecive reflection circuit 65. connected aiong the optica, s,gna, path in the $ 
section between dichroic coup,ers 671,675 and 681, 685, respeCve.y and the 
reduced attenuation of the residua, pump radiation compress , e si a 
dynam^ in the firs, amp^r stage, according to the mechanism pr^ y 
-lustrated wrth reference to differentia, attenuator 45 of the device in figure 4 

A second stage of ampBfication comprises active fiber sections 67 and 675 
2 es7 PUmPed " y PUmPi " 9 — 69 « «• -rough dichroic coupiers 69 

20 dyna h m ir 0nd ^ ° Peta *'' 9 ^ - *•» 

2/3 the tota. tength of the active fiber of the first stage (fiber 63 66) 

is n d"T " ^ ^ 66,6S6 ' *"""—» *»» •» comb fliter 

,s to advance around ha,f the tength of acfive fiber 63. 653, connected 
25 upstream from the comb fitter. connected 

jf me acave floers used are of me type previous* indicated w«h reference to 
me power ampler in figure 3. for examp,e. the .engtns of acfive fibers 63 and 
65* 66 and «6. 67 and 657 may b 

30 dest^ ?' '° 900d adVan,a ^ «^ to the 

^ '° ?q,nP ~ a ' — in Part ** ^ afenuafion by I col 
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Said active fiber 66, 656 may be omitted, however, particularly if the 
attenuation of the comb filter is sufficiently low. If fiber 66, 656 is not present in 
the amplifier, it is also possible to omit the low-attenuation path for the pumping 
radiation, comprising dichroic coupler 671, 675 and 681, 685, respectively, and 
5 the respective connecting optical fibers. In this case, active fiber 63, 653 is 
connected directly to the input of optical isolator 672, 682 and connector 674. 
684 directly connects the input port of optical circulator 64, 654 and the input of 
optical isolator 676, 686. 

Optical amplifiers 93, 94, depending on the required gain and the 

10 characteristics of the telecommunication system in which it is to be used, may 
also be embodied as single-stage amplifiers. It is possible, for example, with 
reference to device 93 of fig. 6, to omit the second stage comprising active fiber 
67, dichroic coupler 68 and pump source 69. This simpler configuration may be 
sufficient to cover shorter sections of optical line. 

15 Although the embodiment described with reference to figure 6 is preferable, 
particularly in terms of noise figure and output power, another alternative would 
be to connect the comb filter downstream or upstream from the power amplifier, 
respectively. 

A bidirectional multichannel optical amplifier 9 may be. realized by using, 
20 where no otherwise specified, components similar to those previously described 
with reference to the devices in figures 3 and 4. 

Pump sources 61. 69, 651. 659. for example, may be quantum well lasers' 
with an emission wavelength ^, = 980 nm. The optical emission power 
envisaged is around 90 mW for each source. 
25 Optical connectors 676, 674, 683. 684. for example, are connectors with 
reflectivity of less than -40 dB. Connectors of this type are produced, for 
example, by the aforesaid firm SEIKOH GIKEN. 

Selective reflection filters well-suited for use in the present invention, for 
example, are distributed Bragg reflection optical waveguide filters. They reflect 
30 the radiation within a narrow wavelength band and transmit the radiation outside 
said band. They consist of a portion of optical waveguide, .g. optical fiber, along 
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which an optical parameter, e.g. the refractive index has *A ' • „• 
the reflected portions of the signa, at ea J h ' Varia,i ° a " 

Phase, construe interfere c^ " "~ " ~> h 

condition of constructive interfer '"^em signa, i s reflected. The 

^ting fcrmed by the variations in ^ ' T " 

*• ^ and n tne refractive index of * ^ °' 

Phenomenon described is indicated ,n .her, * °"* The 

reflection. ,he MeratUre as ^tributed Bragg 

10 A periodic variation of the refractive index may be obtained „v k 

techn,oues. e.g. by exposing a portion of optica, fiber d S „ 7 ^ 
coating. , he Terence fringes t^^Z ° * " 
^-^anexcimerlaser.afre^ °"" ** 

erupted r<fd:YAG laser, made to se,f,n,erfere J^lZZT^' 
« system, e.g. by means of a silica phase mask as „ T ' nte,fer0me,nc 
5.351.321. The fiber, and P ar«c U ,ari y L 1 are \ 
- - in.ns.ty varying per^y ^ £ ITe^ " 
reached by the UV radiation ita G. o bcnl ** °* 

Permanentchange i„ ,he refra^ Sex ~ «— a 

-^tsee: iirr band ran be d ~ - - * - 

-veleng* band of only 0.2-0.3 „m. reflectrvity a, the JT ofth h 

"P .o 100*. a centra, wavelength of the ref^ed ban^^e 7, T 

» the construction phase within +/. o , nm and a temr, 

Optical distributed Bragg reflection filters with a bra a ,W « • 
- real, d by grad U a„ chirping the gra(ing * 
-va, s. corresponding to the wavelengths .a, delim* the desT re^T 

Optica, fiber d feMbu ,ed Bragg reflection fibers with chirped grating are known. 
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for example, from the article by P.C. Hill et al. published in Electronic Letters, vol. 
30 no. 14, 7 July 94. pages 1 172-74. 

The gradual variation of the grating pitch, in a distributed Bragg reflection 
filter, may also be employed to realize filters capable of compensating for the 
5 delay (or advance) of some chromatic components of an optical signal with 
respect to others. For this reason, components of a signal with different 
wavelengths must be reflected by different portions of the same grating, 
displaced on an optical path so as to compensate for said delay or said advance. 
Chromatic dispersion, i.e. the delay (or advance) per wavelength unit of a 
10 grating having a pitch that may vary between two extreme values { depends not 
only on the width of the reflected band but also on the length of the grating or. in 
greater detail, on a quantity equal to twice the length of the grating multiplied by 
the effective index of refraction of the means in which it is embodied. This 
quantity corresponds to the difference between the optical paths of the signal 
chromatic components which are reflected close to the two extremes of the 
grating. 

The use of distributed Bragg ' reflection filters for compensating chromatic 
dispersion is known, for example, from the aforementioned article by F. Ouellette 
published in Optics Letters or from US patent 4,953,939. ^ 

To compensate for the chromatic dispersion at the communication signal 
wavelengths, it is possible to use as selective reflection filters 601, 603. 631 

and 602. 604 632 optical fiber distributed Bragg reflection filters with chirped 

grating. 

In this case, each of the filters will be realized with a central wavelength and 
passband width suitable to reflect radiation corresponding to one of the 
communication channels, and with dispersion characteristics that compensate 
for the chromatic dispersion of the corresponding communication channel. 

Depending on the conditions under which the device is used, the filters may 
be realized in such a way as to provide the reflected communication signal with 
a chromatic dispersion qual in absolute value, and of opposite sign, to that 
(estimated or measured) accumulated by the signal through the fiber sections it 



WO 98/05133 

PCT/EP97/04091 

22 

has traveled, or such as to overcompensate for the dispersion accumulated by 
the signal, so that the dispersion is nullified at a successive point' on the optical 
signal path, including an additional section of optical fiber. 

If the amplifier is used under conditions characterized by significant variations 
5 in temperature, it may be advisable to thermally stabilize fiber optic filters 601 

603 631 and 602. 604 632. 

The optical output power of an optical amplifier 93 or 94 as described is. in an 
example, about 16 dBm under operating conditions, with circulators 91, 92 
connected to the two extremes and with optical input power of -10 dBm. The 
10 noise figure is around 5 dB. 

The Applicant has observed that optical circulators 91 and 92 permit radiation 
to enter and exit in only one direction for each of optical amplifiers 93, 94 and 
precisely only the radiation propagating from transmission station 1 A to receiving 
station 2B for amplifier 93 and only the radiation propagating from transmission 
1 5 station 1 B to receiving station 2A for amplifier 94. 

Optical circulators 91 and 92 therefore act as unidirectional components 
placed at the input and output of the two stages of optical amplifiers 93 and 94 
and reduce the noise, particularly that due to counterpropagating spontaneous 
emission. Rayleigh and Brillouin scattering and their respective reflections along 
20 the communication line. 

In addition to permitting the bidirectional amplification of the signals, the 
bidirectional amplifier described attenuates the propagating amplified 
spontaneous emission (ASE) along with the signals. In amplifiers 93 and 94. the 
ASE components coming from inputs 641 and 643 and those generated in active 
fibers 63 and 653 are removed by the respective comb filters and do not 
propagate to active fibers 66 and 656. 

The Applicant has determined that bidirectional amplifier 9 functions stably 
without oscillations and with negligible interferometric noise. This is thought to 
derive from the fact that the arrangement of the signal wavelengths, along with 
the spectral characteristics of the comb filters, prevents the creation of possible 
feedback rings, including amplifiers 93 and 94. which might be formed in the 
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presence of back-reflections along the optical fibers of line 8, e.g. by connectors 
of optical circulators 91 and 92 with said optical fiber of line 8. 

An optical amplifier according to the present invention is well-suited for use 
not only along communication lines configured to have low reflections (e.g. 
5 employing low-reflection optical connectors and welds) but also along optical 
communication lines already installed and in the presence of components with 
non-negligible residual reflectivity, particularly if they are used along fiber-optic 
transmission lines in which the amplifier is connected to the line fibers by means 
of optical connectors, which may be of the type that transmit most of the power 

10 of the signals transiting through them, and thus ensure the optical continuity of 
said signals, but which under some conditions reflect back a small portion of 
them (e.g. in case of an imperfect clamping caused by incorrect positioning of 
the two fiber ends inside them). 

Nonetheless, to obtain a high signal/noise ratio in the transmission along the 

15 telecommunication system, such as to permit transmission at velocities greater 
than or equal to 2.5 Gb/s, the optical connections linking an optical amplifier 9 
and optical communication line 8 have preferably a reflectivity of less than -31 
dB, more preferably less than -40 dB. Furthermore, to facilitate the operations of 
line installation and maintenance, these optical connections should be realized 

20 with optical connectors. 

The Applicant has determined that an optical amplifier of the type described 
minimizes the gain tilt, a phenomenon caused by the characteristics of the 
doped fiber and. in particular, by the relative level of amplified spontaneous 
emission (ASE) and the signals along the communication line and in the 

25 amplifiers cascaded aiong it which consists of a variation in gain with the 
wavelength and results in different gains for the various channels. 

Exploiting the small residual attenuation of the selective reflection filters in the 
band transmitted (about OA dB. for example, for passage in each direction 
through each Bragg grating selective reflection filter), it is possible to arrange 

30 said filters, in the selective reflection circuit that is part of the comb filter, in an 
order such that it compensat s for the differences in gain. 
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In greater detail, the channels subject to less gain can be attenuated to a 
lesser degree by connecting the selective reflection titers related to those 
channeis in proximity to the extremity of the selective reflection circuit that is 
connected to optica, circulator 64 (the signals are reflected after passing through 
a l.mrted number of selective reflection filters, thus with ,ess attenuation) and the 
channel subject to greater gain can be attenuated to a greater degree by 
connecting the respective setective reflection fitters in proximity to the opposite 
extremity of the selective reflection circuit. 

Should it be necessary to compensate for the gain tilt to a greater extent than 
permitted by the selective attenuation provided by the filters, sections of optica, 
fleer with calibrated attenuation may be connected between the selects 
reflection filters. 

To compensate for a predetermined difference in gain. in output to an 
ampler, between signals of different wavelengths, me difference in attenuation 
of the two signals in the comb Alter must generally be greater, in absoiute value 
than said predetermined difference in output gain. 

In the configuration described wtth reference to figure 6, the distances 
between the fBters connected along the selective reflection circuit increase as 
tt,e wavelength increases, so ,ha, the attenuation of each channel is attenuated 
by 0.2 dB more < due to the double passage, than the adjacent channel a. a 
lower wavelength. 

In one example, me Appiicant evaluated the functioning of a bidirectional 
muttichannel telecommunication system .ike the one described in a 
configuration inching five sections of optica, fiber 8. each wfth maximum tota, 
attenuation of 26 dB (inciuding attenuation a, the optica, sp.ices, connected by 
four bKiirectional amplifiers 9. each of the type described 

The Appiicam has determined that this communication system permtts the 
simutteneous transmission of 16 channel in each direction of propagation at a 

30 . « \ Gb/S ' " min " mim Si90a,/noise ra *> °' « IB (measured on an 

0.5 nm band). 

In a second example, the AppBcant evaluated the functioning of a 



25 



WO 98/05133 




PCT/EP97/04091 



25 



bidirectional multichannel communication system like the one described but 
configured to operate with 8 wavelengths in each direction of propagation, with 
the wavelengths of the signals propagating in one direction staggered with 
respect to those of the signals propagating in the opposite direction. The 
5 configuration considered includes five section of fiber-optic line 8, each with a 
maximum total attenuation of 28 dB (including the attenuation of the optical 
junctions), connected by four bidirectional amplifiers 9, each of the type 
described. 

The Applicant determined that said communication system' permits the 
10 simultaneous transmission of 8 channels in each direction of propagation at a bit 
rate of 2.5 Gb/s, with a minimum signal/noise ratio of 13 dB (measured on a 0.5 
nm band). 

In another example, regarding a communication system similar to the one in 
the second example but where the total maximum attenuation of each fiber-optic 
15 line section is 23 dB (including the attenuation of the optical splices), and in 
which the four bidirectional amplifiers include chromatic dispersion compensation 
means of the type indicated earlier, the Applicant determined that it is possible to . 
transmit 8 channels simultaneously in each direction of propagation at a bit rate 
of 10 Gb/s, with a minimum signal/noise ratio of 18 dB (measured on a 0.5 nm 
20 band). 

It is known that an optical communication system may assume the structure 
of an optical network connecting a number of stations to each other. Optical 
network is generally intended here to mean a set of fiber-optic transmission lines 
and their respective stations of interconnection, also known as interchange 

25 nodes In the interchange nodes the optical signals can be routed from one of 
the transmission lines linked to the node to one or more of the other 
transmission lines linked to the node. Nodes for adding and dropping optical 
signals to or from the network may be positioned either along the transmission 
lines or at the interchange , nodes. Some of the transmission lines in this optical 

0 network, in particular, may have a ring structure. 

A particular example of optical network with nodes for adding or dropping 
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s.gnals is that of a WDM communication system comprising a fiber-optic line 
extended between transmission and receiving stations and intermediate stations 
for adding/dropping signals placed along the line. The signals at various 
wavelengths emitted by a transmission station propagate along an optical fiber 
5 poss.bly through amplifiers, e.g. of the active optical fiber type up to an 
intermediate signal addition/dropping station, which may be configured in such a 
way that the radiation to some of the signal wavelengths is dropped from the 
commun.cation line and routed to specific receivers (which, for example convert 
the s,gnals into electrical form), while at the same time radiation to one or more 
10 of the same wavelengths, generally modulated by transmission signals (e g in ~ 
electrica. form) present at the input of the intermediate station, is inserted into 
the communication line downstream from the dropping point. The optical 
rad,at.on output from the intermediate station is transmitted along an additional 
sect,on of optica, fiber, and possibly through additional amp.ifiers and 
15 .ntermediate stations for adding/dropping optical signals, until it reaches a 
receiving station. 

Each wavelength constitutes an independent communication channel The • 
optical telecommunication system may be configured in such a way that it 
transmits optical signals separately between pairs of stations-included between 
20 the terminal stations and the stations placed along the line. It is also possible to 

transmit independent signals with the same wavelength along lines without O 
common sections. 

In this communication line it is possible to add or drop signals at various 
points (nodes) along the line at some of the communication wavelengths, so that 
25 they travel only a portion of the line extension. 

A scheme of a multichannel optical amplifier comprising a device of the first 
type for adding/dropping optical signals will now be described with reference to 
figure 7. 

The figure represents an optical amplifier 93' suitable for use in a 
30 telecommunication system of the type described with reference to figure 1 in 
l«eu of one or more optical amplifiers 93 of said system. In the example indicaied 
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in figure 7, amplifier 93' is suitable for amplifying optical signals propagating from 
transmission station 1A to receiving station 2B, at some of wavelengths A. 1f X 2t 
X 31 , unselected, to drop from the optical communication line signals at the 
remaining wavelengths A,,, X 3l A. 31( selected, and to add to said line new 
5 signals at some or all of the selected wavelengths. The scheme in figure 7 may 
be modified, by known techniques, in such a way as to adapt it to the 
wavelengths to be amplified/dropped/added in each case of interest. It is 
possible, for example, to make an amplifier, not represented in the figure, to 
amplify optical signals propagating from transmission station 1B*to receiving 
10 station 2A at some of wavelengths X 2 , \ d , .... ^ unselected, to drop from the 

optical communication line signals at the remaining wavelengths \ 2 > *-4. ^32. 

selected, and to add to said line new signals at some or all of the selected 
wavelengths. 

Optical amplifier 93' includes one or more amplification stages between an 
15 input port 741 and an output port 742. The example indicates two amplification 
stages 71 and 72 that may, for example, be analogous to the amplification 
stages previous described with reference to amplifier 93 of figure 6. 

A device 750 for adding/dropping optical signals and filtering is connected in 
an intermediate position between input port 741 and output port 742. 
20 The position of said device 750 may be determined as previously indicated in 
relation to the amplifier of figure 6. 

A device for adding and dropping signals to and from an optical fiber will now 
be described with reference to figure 8. Said device also performs a signal 
filtering action. 

25 It comprises an input port 950 for optical signals at wavelengths X 1( X z X 31 

connected to a first port of a first optical circulator 951. A second port of the 
optical circulator is connected to a selective reflection circuit 959, including 
optical filters 601, 605. ..... 629, cascade-coupled and with selective reflections to 

wavelengths X 1t J^, .... X 29 , respectively. The output of selective reflection circuit 

30 959 is optically connected to a first input of a first wavelength selective switch 
953. A first output of selective switch 953 is connected to a first port of a second 
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optical circulator 961 . 

A second port of optical circulator 961 is connected to a selective reflection 

c,rc U ,t 969, comprising optica, fitters 603, 607 63 1, cascaded and with 

seective reflection to wavelengths , 7 ^ The Qf ^ 

re ection circuit 969 is optically coupled to a first input of a second wavelength 
selective switch 963. A first output of selective switch 963 is coupled to a th l 
port of the first optical circulator 951. thlfd 

The wavelengths of the series x i •> 

y ser.es X„ ^ ^9 are staggered with respect to 

seofsenesA.. a. i H 10 



those of series X 3 , x 7 \ 31 

10 



of WaVeten9,hS ° f «*—" * a "" els each 

bT I"" 68 a ' ' eaS ' **" ^ m ' nimUm SSParafon ° f channel ' 

between the 51 gna,s a, wavers X,. x 3 ^. x 3 , inp u , t o the device 

qqq P "* °' ^ SeC ° nd ° Pacal circu, «- «» * connected ,o an o Utput porl 
" Sfcnaisator^ormoreofwaveiengthsX,.^ coming from oufcide 

l,e7io T "* " ^ ^ °' 3 « and 

J, 5600 " ' nPlrt °' ~ — — « an op«ca, 

20 deJ^r T?K PreSen ' a ' 3 Se ° 0nd 0UtPU ' ° f ' he ** «** «8 are 

dernuitipiexed bv means cf a demurer 957 and routed to an externa, user 

• coning, tor exampie of optica, receive. 958 connected to the demuitipiexer O 
Senate a, one or more o, waveienglhs X„ X, ^ coming from outside 

« !T 964 ' "" ml "" P,eXed " y ^ ° f a and' 

ZT, a second ,nput of the firs, seiective switch 963, possib* through an 
optical amplifier 966. 9 an 

The signats present at a second oufrut of me first waveiength selective 
^ •* - denied b y means of a demu«ip,exer 967 and roZTsl 
externa, use, consisting, for exampte. o, optica, receivers 968 connected to the 
>u demultiplexer outputs. 
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The device in figure 8 functions as follows. 

The signals input to port 950 are transmitted through optical circulator 951 to 

selective reflection circuit 959. The signals at wavelengths X,. X* X 29 are 

reflected by filters 601, 605, .... 629 to optical circulator 951, which transmits 
5 them to the first input of selective switch 963. The selective switch is suitable for 
transmitting signals at some of the wavelengths, selected by means of specific 
control signals, to the second output and for transmitting the signals at the 
remaining wavelengths to the first output. The signals reaching the second 
output are separated onto different optical paths, based on their respective 
10 wavelengths, by means of demultiplexer 967. and sent to respective receivers 
968. 

The signals at the selected wavelengths (included among wavelengths X„ X 5 , 
.... X 29 ) are thus separated from the remaining signals input at port 960 of the 
device. Signals at the same selected wavelengths, generated by transmitters 
15 964. combined on to a single optical path by means of multiplexer 965 and 
amplified, if required, by optical amplifier 966. are sent by selective switch 963 
from the second input port to the first output port of said switch. At the first output 
port of selective switch 963. therefore, the signals at the unselected wavelengths 
entering from the first input port of said selective switch are overlapped with 
20 signals at the selected wavelengths coming from transmitters 964. 

Selective switch 963. as a whole, drops the incoming signals at the selected 
wavelengths and transmits in output the signals at the unselected wavelengths, 
to which the new signals at the selected wavelengths are added. 

The signals at wavelengths X„ X.,- .... X* output by selective switch 963 are 
25 then transmitted through selective reflection circuit 969 (said circuit 969, in fact, 
reflects none of wavelengths X 1f X* .... X*) and. through optical circulator 961 
are sent to output port 960. 

The remaining signals input to port 950. with wavelengths X 3 . X 7 , .... X 31 . 
follow partially different optical paths. 

With greater detail, these signals reach sel ctive reflection circuit 959. 
through optical circulator 951. and pass through it without being reflected, and 
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thus reach the first input of selective switch 953 . , / 
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Optical circulators 956. 966 are suitable for bringing the signals coming from 
transmitters 954 to a sufficient power level, with respect to that of the optical 
signals coming from input port 950, so that the relative power levels at output 
port 960 are equalized. 
5 Wavelength selective switches 953, 963 are optical components suitable for 
transmitting optical signals between the two inputs and the two outputs based on 
the signal wavelengths and on appropriate control signals. By means of said 
control signals, input to each of these switches, it is possible to modify their 
transmission state, independently for each wavelength, in one of the following 
0 two modes: bar mode, corresponding to the direct connection of said first input 
with said first output, and cross mode, corresponding to the connection of said 
first input with said second output and of said second input with said first output, 
respectively. 

A selective switch is to advantage a 2x2 wavelength selective acousto-optical 
switch with polarization-independent response. 

Integrated acoustooptical devices are known whose functioning is based on 
the interaction between light signals, propagating in waveguides made on a 
substrate of a birefringent photoelastic material, and acoustic waves propagating 
on the surface of the substrate, generated by means of appropriate transducers. 
The interaction between a polarized optical signal and an acoustic signal 
produces a conversion of signal polarization, i.e. rotation of the mutually 
orthogonal TE (transverse electrical) and TM (transverse magnetic) polarization 
components. 

In said acoustooptical devices it is possible to tune the spectral response 
curve by controlling the frequency of the acoustic waves, making the devices 
suitable for use as switches in wavelength division multiplexed optical 
telecommunication networks. With these devices the signal selection can be 
modified without varying the component wiring. They also permit the 
simultaneous switching and selection of different signals or channels, if the 
acoustic wave propagating on the substrate surface is the superposition of 
diff rent acoustic waves. In fact, the switches perform the combined switching of 
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the signals at the wavelengths corresponding to the frequencies applied 
simultaneously to the electrodes of the electroacoustic transducers. 

If a channel with a given wavelength is selected, input optical signals at that 
wavelength are routed to the corresponding cross state output (switch in the 
cross state). The unselected signals are routed from an input to the 
corresponding direct output (switch in the bar state). 

Figure 9 shows one embodiment of an acoustooptical switch 201. 
The switch includes a substrate 101 of birefringent photoelastic material, 
consisting of lithium niobate (LiNb0 3 ). 

Substrate 101 contains two branches of optical input waveguide 102 and ~ 
103. whose extremities 104 and 105 lodge the two input ports 202 and 204. to 
which respective connecting optical fibers 106 and 107 can be connected 
through known connection or "pigtailing" devices, schematically represented in 
the figure. 

To allow connection to said optical fibers (with diameter of around 250 
microns), ports 106 and 107 are preferably at least 125 urn apart. 

Substrate 101 contains two polarization selective elements 108 and 109. a 
conversion stage 1 1 0 and two output optical waveguide branches 1 1 1 and 1 12 
bearing at extremities 113. 114 the respective output ports-203. 205. through 
which respective output optical fibers 1 1 5. 1 1 6 are connected. 

Polarization selective elements 108 and 109 consist preferably of polarization O 
splitters, realized by means of evanescent-wave directional couplers that can 
separate into two output waveguides two respective polarizations fed to a 
common input and. respectively, combine in a common output waveguide two 
respective polarizations fed to two separate input waveguides. In particular, each 
of them comprises a central optical waveguide. 117 and 118 respectively, and 
pairs of input and output optical waveguides 119. 120, 121. 122 and 123, 124 
125, 126 respectively. 

Conversion stage 110 comprises two parallel optical waveguide branches 
127 and 128, connected to output waveguide pair 121 and 122 of polarization 
splitter 108 and to input waveguide pair 123 and 124 of polarization splitter 109 



WO 98/05133 



< PCT/EP97/04091 

33 



It also comprises an acoustic waveguide 129, containing optical waveguide 
branches 127 and 128 and an electroacoustic transducer 130, formed of a pair 
of interdigital electrodes for generating an RF surface acoustic wave. 

Conveniently, transducer 130 is placed in an acoustic waveguide 131 
communicating with acoustic waveguide 129, so as to form an acoustic coupler. 

Acoustic absorber 133 is placed at the extremity of another acoustic 
waveguide 132, for receiving the acoustic signal from acoustic waveguide 129. 
Acoustic waveguides 129, 131 and 132 are delimited by zones 150, 151, 152 
and 153 in correspondence to which the substrate is doped so as to make the 
propagation velocity of the acoustic waves higher than in guides 129, 131 and 
132, confining the acoustic signal in the guides. 

The complex formed by electroacoustic transducer 130, acoustic waveguides 
129, 131, 132 and the optical waveguides contained in acoustic guide 129 
constitutes an acoustooptical converter 140, by which the acoustic signal 
interacts with the optical signals. 

The switch of figure 9 functions in the following manner. 
When no voltage is applied to electroacoustic transducer 130, the switch is in 
the off-state and in direct transmission condition (bar-state), in which there is 
direct correspondence between input ports 202 and 204 ^nd output ports 203 
and 205, respectively. 

The light signals enter by ports 202 and 204 and enter polarization splitter 
108, where the TE and TM polarization components are separated into" 
waveguides 121 and 122, pass unaltered through branches 127 and 128 of 
conversion stage 110 and are then sent to polarization splitter 109, where the 
polarization components are recombined, sending the signals to waveguides 
125 and 126, so that the signals entering by ports 202 and 204 exit unchanged 
from ports 203 and 205. 

Applying an appropriate switching signal to the electrodes of transducer 130, 
the switch is placed in the on-state and passes into cross-transmission condition 
(cross-state) for the selected wavelengths, in which input ports 202 and 204 are 
in correspondence with crossed output ports 205 and 203, respectively. 
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Subsequently the signals enter a converter 140 contained on the same 
substrate and similar to that of the device in figure 9. In it the TE and TM 
polarization components are converted back into their original polarization state. 

In that embodiment, the frequency shifts generated in the two TE and TM 
5 components of the signal as a result of acoustooptical interaction in the 
conversion stage should be compensated by the opposite shifts that take place 
in the compensation stage. 

In an acoustooptical switch of the type indicated, made by the Applicant, the 
bandwidth for an attenuation of 20 dB, in correspondence to the cross-state, is 
10 around 2 nm. 

The maximum attenuation of said switch is around 5 dB. including the 
attenuation of the respective optical connections. 

Said acoustooptical switch can therefore be employed in the device in figure 

8 if the separation between adjacent channels at wavelengths X z , X 7 \ 31 and 

1 5 between adjacent channels at wavelengths \ u ^ X 29 is greater than or equal 

to 2 nm. 

On the whole, acoustooptical switches of the type indicated may be employed • 
in the device of figure 8, if the separation between adjacent channels, at all the 
wavelengths X„ Ji 3 , ..... X31 of the signal entering the device, is greater than or 

20 equal to 1 nm. 

If the device of figure 8, having selective switches of the type described, is 
employed in an optical telecommunication system, the selective switches may be 
controlled by the supervision system of the communication system. In this way it 
is possible to rapidly reconfigure the wavelengths and number of channels to be 

25 dropped or added at the various nodes of the system, to satisfy changing 
requirements of traffic or breakdowns. 

As a alternative, it is possible to employ, in lieu of the selective switch 953, 
956, devices of another type that permit the adding and dropping of signals at 
some selected wavelengths to and from an optical line. These devices may also 

30 be of the passive type. In this case, the selection of wavelengths relative to the 
signals dropped and/or added to and from the line if made by selecting passive 
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components with the desired spectra, charac.ens.ics. A configuration of .his 
<ype. a! though a change in channel selection requires the replacement of optical 
components, offers (he advanlage of lower cost. 

The Appiican. obsess that in the described device of figure 8 it is possible 
to use wavelength selective switches 953, 963 w«h a relative low wavelength 
resolution. In fact. » is sufficient for .he selective switches to be suitable for 
separating signets differing in wavelength by double the minimum wavelength 
distance between signals input to the device. 
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1) Device for adding and dropping optical signals to and from an optical 
transmission path, including input means for at least two optical signals with 
distinct wavelengths, 

rharacterized by the fact of comprising: 

- spectral selection means for sending at least a first of said signals to a first 
optical path and sending at least a second of said signals to a second optical 
path; 

- at least a wavelength selective switching means along at least one of said 
first or second optical paths, for adding and dropping at least one optical 
signal of predetermined wavelength, selected from the wavelengths of said 

optical signals. 

2) Device for adding and dropping optical signals as recited in claim 1, 
characterized by the fact said spectral selection means comprises an optical 
circulator and a selective reflection circuit for each of said optical paths. 

3) Device for adding and dropping optical signals as .recited in claim 2. 
20 characterized by the fact that said selective reflection circuit comprises at least a 

Bragg grating filter. 

4) Device for adding and dropping optical signals as recited in claim 1. 
characterized by the fact that the wavelengths of said first and said second 

25 optical signals are separated by a value lower than the spectral resolution of sa.d 
selective switching means. 

5) Multichannel optical telecommunication system for transmitting optical signals 

comprising: 
30 - a fiber-optic line; 

- means for inputting to said line optical signals with distinct wavelengths 
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